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==========================

Gestational diabetes mellitus (GDM) complicates a substantial number of pregnancies. The overall incidence of 3--6% has steadily increased over time,\[[@ref1][@ref2]\] ranging from 2.2% in South America to 15% in the Indian subcontinent.\[[@ref3]\] The new diagnostic criteria being put to use are all set to increase the incidence owing to increased detection. It remains a major cause of perinatal morbidity and mortality, as well as maternal morbidity. In a recent review,\[[@ref4]\] the present day relevance of GDM and screening and diagnostic criteria for the same were discussed at length. It has also been reported that treatment for GDM has been subjected to the rigors of scientific studies for efficacy and safety, and it has proven its worthiness in this era of evidence-based medicine. Therefore, it is obligatory for all physicians caring for the pregnant women to screen, diagnose and treat them for gestational diabetes by whatsoever methods adopted. In the present review, we shall discuss issues related to non-insulin management of GDM including metabolic goals and surveillance, medical nutrition therapy (MNT) and oral hypoglycemic agents (OHA) in GDM. Role of insulin in GDM shall be discussed in the concluding part of the present review series on GDM. As obesity increases in this country, and our population becomes moresedentary and urbanized, the rate of GDM will rise. Although there has been controversy regarding which diagnostic standards to use for GDM, there is agreement that excellent blood glucose control, with diet and, when necessary, oral hypoglycemics and insulin results in improved perinatal outcomes. Finally, the goal of our educational programs should be not only to improve pregnancy outcomes but also to promote healthy lifestyle changes for the mother that will last long after delivery. As has been mentioned elsewhere although our nation has earned the dubious distinction of being "*the diabetes capital of the world*", if we now do a good job of screening and managing GDM, we can lay claim to be the "*diabetes care capital of world*".\[[@ref4]\] Managing GDM is like primary prevention of the disease for the next generation, as it helps decrease the incidence of type 2 diabetes mellitus (DM) in the generation to come.

W[HY]{.smallcaps} M[ANAGE]{.smallcaps} GDM? {#sec1-2}
===========================================

To begin with, Crowther *et al*.,\[[@ref5]\] in a randomized controlled trial (RCT), reported that treating GDM appreciably reduced the probability of serious neonatal morbidity compared with routine prenatal care. Treatment included individualized MNT, daily self-monitoring of blood glucose (SMBG), and insulin when needed. Maternal--fetal Medicine Units Network very recently conducted a randomized clinical trial for the treatment of mild gestational diabetes,\[[@ref6]\] the results of which provided further compelling evidence that among women who have GDM and normal fasting glucose levels, treatment, as necessary, reduces rates of adverse pregnancy outcomes including perinatal mortality, neonatal hypoglycemia, neonatal hyperbilirubinemia, elevated cord blood C-peptide level, and birth trauma. It is also imperative to note that only 20% of treated Australian Carbohydrate Intolerance Study trial subjects and 8% of Maternal--fetal Medicine Units Network subjects required insulin, implying that lifestyle modification and dietary intervention will be effective in 80--90% of women with GDM.

M[ETABOLIC]{.smallcaps} M[ANAGEMENT]{.smallcaps} D[URING]{.smallcaps} P[REGNANCY]{.smallcaps}: G[OALS AND]{.smallcaps} S[URVEILLANCE]{.smallcaps} {#sec1-3}
=================================================================================================================================================

Maternal glycemia {#sec2-1}
-----------------

It is important to have normative data when formulating therapeutic goals. Evidence presented at the *Fifth International Workshop-Conference on GDM*\[[@ref7]\] gave some insights into this perspective. It was indicated that in non-diabetic pregnancies, the mean of peak postprandial glucose concentration approximates 110 ± 16 mg/dl (6.1 ± 0.9 mmol/l), which is coupled with a substantial intra- and inter-subject variation of the time to peak glucose excursion after starting the meal (range 45--120 min).\[[@ref8]\] These normative values were found comparable to those found in a prospective study of ambulatory fingerstick capillary glucose monitoring in normal pregnant women.\[[@ref9]\] Fasting capillary blood glucose values in the range of 90--99 mg/dl (5.0--5.5 mmol/l), 1-hour postprandial levels of \<140 mg/dl (\<7.8 mmol/l), and 2-hour postprandial blood glucose in ranges of \<120--127 mg/dl (\<6.7--7.1 mmol/l) were used as "upper boundary" treatment targets in clinical trials of GDM, and these trials achieved satisfactory clinical outcomes, including frequency of fetal macrosomia less than 11%, suggesting that the treatment targets were appropriate.\[[@ref7]\] However, there are no data from controlled trials of lower *versus* higher targets or 1-hour versus 2-hour postprandial testing to identify ideal goals for the prevention of fetal risks. Apropos the way to monitor blood sugar levels, daily SMBG, using meters appears to be superior to less frequent monitoring in the clinics and labs for detection of glucose concentrations that may warrant intensification of therapy beyond individualized MNT.

Presently, there is consensus that the recommendations of the *Fourth International Workshop-Conference on GDM*\[[@ref10]\] to maintain maternal capillary glucose concentrations at \<96 mg/dl (\<5.3 mmol/l) in the fasting state, \<140 mg/dl (\<7.8 mmol/l) at 1 hour, and \<120 mg/dl (\<6.7 mmol/l) 2 hours after starting the meal should be the treatment targets. It is worth emphasizing, however, that these recommendations do not consider glycemic values higher than those normally recorded in pregnancy, and they refer to glycemic levels associated with pregnancy outcome.\[[@ref10]\] Although there is consensus that measuring postprandial glucose levels is more important than pre-prandial levels since the former correlates better with certain adverse neonatal events like malformations, macrosomia, hypoglycemia, and shoulder dystocia,\[[@ref11][@ref12]\] it has been debated as to whether glucose should be measured 1 or 2 hours after a meal. Continuous blood glucose monitoring using the continuous glucose monitoring system (CGMS) has recently shown that glucose peaks occur about 70 ± 13 min after meals in non-diabetic pregnant women and after about 90 min in diabetic women.\[[@ref13]\] No differences in postprandial glycemic profile were noticed between breakfast, lunch and dinner. Leguizamon *et al*. in a review reported that patients' management based on glucose levels measured an hour after meals led to better perinatal outcomes than when patients were managed based upon glucose level measurement 2 hours after meals, in terms of less neonatal hypoglycemia, less macrosomia and fewer cesarean deliveries.\[[@ref14]\]

Langer *et al*. found higher macrosomia rates with mean blood glucose levels higher than 105 mg/dl, whereas there is also evidence that the risk of babies being small for their gestational age was high when the mean blood glucose levels dropped below 87 mg/dl.\[[@ref15][@ref16]\] Therefore, it implicates that mean blood glucose values should be kept between 87 mg/dl and 105 mg/dl \[fasting plasma glucose (FPG) \~ 90 mg/dl and 2-hour postprandial plasma glucose \~ 120 mg/dl\] in GDM patients so as to avoid these fetal complications.\[[@ref7]\] Long back, Karlson and Kielmer\[[@ref17]\] found an association between mean blood glucose levels and perinatal mortality, which was 4% in GDM women with mean plasma glucose levels below 100 mg/dl, 15% for levels between 100 mg/dl and 150 mg/dl, and 24% if it exceeded 150 mg/dl. The American Diabetic Association ADA\'s position statement\[[@ref18]\] also suggests that fasting blood glucose levels higher than 105 mg/dl carries a greater risk of perinatal mortality in GDM patients.

As the science and medicine behind GDM evolves, the thresholds being used presently to prevent maternal and fetal complications of GDM may need to be reconsidered. There is already an ongoing debate in the light of recent findings in normal pregnant women monitoring their own blood glucose levels\[[@ref19]\] or using a CGMS\[[@ref20][@ref21]\] and because of the results of the Hyperglycemia and Adverse Pregnancy Outcome (HAPO) study.\[[@ref22]\] HAPO study has addressed the risk of adverse outcomes associated with various degrees of maternal glucose intolerance less severe than overt diabetes.

Fetal biometric monitoring {#sec2-2}
--------------------------

Assessing the fetal response to maternal GDM by ultrasound measurement of fetal abdominal circumference (AC) starting in the second and early third trimesters and repeated every 2--4 weeks can provide useful information (in combination with maternal SMBG levels) to guide management decisions.\[[@ref7]\] Evidence reviewed from RCTs indicates that modification of metabolic management based on fetal growth measurements may improve perinatal outcome or at least be equivalent to standard intensified management. Less intensified management may be endorsed with normal growth (fetal AC \< 75^th^ percentile for gestational age), although most authorities feel that some SMBG should be continued. Lower targets for glycemic control may be selected when size of the fetal abdomen is excessive, or pharmacological therapy can be added or intensified if a large AC is detected despite apparently good glycemic control. Consideration has to be given to the accuracy of the measurements of fetal size and maternal glucose measurements for this approach to be effective in clinical practice.

Other methods of surveillance {#sec2-3}
-----------------------------

Urine ketone testing has been recommended by some in GDM patients with severe hyperglycemia, weight loss during treatment, or other concerns of possible "starvation ketosis." However, the effectiveness of ketone monitoring, both in urine and blood, in improving fetal outcomes has not been proven and hence cannot be recommended as standard practice. Insufficient data are available to determine whether measurement of glycosylated hemoglobin or other circulating proteins is of value in the routine management of GDM. Issues such as depression, eating disorders, stress, anxiety and other psychosocial factors that can block effective response to prescribed treatment in women with GDM need to be looked into and appropriately managed.

M[EDICAL]{.smallcaps} N[UTRITION]{.smallcaps} T[HERAPY]{.smallcaps} {#sec1-4}
===================================================================

All the recent international workshop-conferences on GDM\[[@ref7][@ref10][@ref23]--[@ref25]\] have recognized MNT as the cornerstone of therapy for women with GDM. Dietary intake is foundational to optimal pregnancy outcomes because nutritional quality and quantity have an important impact on the overall growth and development of the fetus. Specifically, the management of GDM entails calorie and nutrient restrictions and manipulations as a strategy to normalize blood glucose levels. Because MNT is the primary therapy for majority of women diagnosed with GDM,\[[@ref26][@ref27]\] the challenge for MNT in case of GDM is to balance the needs of a healthy pregnancy with the need to control glucose level. Despite the fact that trials have proven that almost up to 80--90% cases of GDM can be effectively managed with MNT, still relatively very little information is available to allow evidence-based recommendations regarding specific nutritional approaches such as total calories and nutrient distribution to the management of GDM.

MNT has been defined as a "carbohydrate-controlled meal plan that promotes adequate nutrition with appropriate weight gain, normoglycemia, and the absence of ketosis."\[[@ref28]\] To define "carbohydrate-controlled," guidelines were developed for the following topics: total amount of carbohydrate, use of foods with sugar, carbohydrate distribution, breakfast-time carbohydrate, glycemic index, fiber, and artificial sweeteners. Guidelines were also developed for other aspects of nutrition therapy: individualizing weight gain and caloric needs; monitoring ketone levels; and determining protein, fat, and micronutrient needs. Studies\[[@ref1][@ref29]\] have shown that implementing nutrition therapy with SMBG and criteria for advancing treatment had a positive impact on maternal and infant outcomes.

The food plan should be designed preferably by a dietician so as to fulfill minimum nutrient requirements for pregnancy set by the Institute of Medicine (IOM)\[[@ref30]\] and to achieve glycemic goals without inducing weight loss or excessive weight gain. MNT is a self-management therapy. Education, support, and follow-up are required to assist the woman to make lifestyle changes essential to successful nutrition therapy. Food plans must be flexible and the modifiable components can include calorie level; amount, distribution, and type of carbohydrate; and amount and type of physical activity. Outcome measures like weight changes, blood glucose and ketone levels, and review of food records must guide adjustments to the food plan. This implies the need for follow-up visits to successfully implement nutrition intervention, and the nutrition practice guidelines do suggest three visits.

Almost 20 years ago, IOM\'s Nutrition for Pregnancy publication provided the first weight-gain recommendations based on pre-pregnancy body mass index (BMI).\[[@ref30]\] There is a strong correlation between infant birth weight and maternal pregravid BMI for women who begin pregnancy in the normal and underweight categories.\[[@ref30][@ref31]\] Women with normal BMI (19.8--26.0 kg/m^2^) have been recommended to gain a total of 11.4--15.9 kg; for the ones who are overweight (BMI 26.1--29.0 kg/m^2^), the weight-gain recommendation is 6.8--11.4 kg; whereas obese women with a BMI \>29 kg/m^2^ are permitted weight gain only up till 7 kg. As the BMI increases, the correlation between infant size and maternal gain weakens to the point that there is no correlation between weight gain and infant size in obese women. Obese women, regardless of weight gain, produce larger infants.\[[@ref32]\]

Recently, the American epidemic of obesity has been linked to weight gain in pregnancy.\[[@ref33]\] Women often gain too much weight during pregnancy and retain excessive amounts of weight during the postpartum period. Moreover, women who are overweight or obese before pregnancy are more likely to gain more weight related to childbearing.\[[@ref34]\] Retention of gestational weight gain may contribute to obesity and increase the future risk for chronic diseases, including but not limited to type 2 diabetes.

For women at high risk for excessive weight gain, interventions need to begin in the first trimester. Research on the pattern of maternal gestational weight gain shows that weight gained in the first trimester is more predictive of infant weight than the weight gained in the third trimester.\[[@ref35]\] Calorie intake is also a factor influencing weight gain. The Dietary Reference Intakes (DRI) published in 2001 recommend an increase in calories for pregnancy: no increase in calories in the first trimester, an additional 340 kcal/day during the second trimester, and 452 kcal/day during the third trimester.\[[@ref36]\] However, to determine the actual calorie intake is always difficult and mostly turns out to be imprecise and there is a new awareness that actual calorie intakes are generally underestimated.

The question now is "Do the IOM recommendations for weight gain and calorie intake apply to the woman with GDM?" There is no indication that normal-weight and underweight women with GDM should not follow the IOM weight-gain guidelines and calorie intake. But for the overweight and obese woman, there is no consensus regarding calorie and weight gain recommendations. Restricting calories has been a strategy for controlling weight gain, glucose levels, and avoiding macrosomia in infants of women with GDM. Severe calorie restriction, \<1500 calories/day or 50% restriction, increases ketonuria and ketonemia. In a study, high levels of third-trimester β-hydroxybutyrate resulted in lowered mental developmental index scores and average Stanford--Binet scores,\[[@ref37]\] and this has formed the basis to formulate recommendations to avoid severe calorie restriction leading to ketonemia/ketosis. Modest calorie restriction, 1600--1800 calories/day or a 33% reduction in intake, does not lead to ketosis but controls weight gain and glucose levels in obese women and has been more successful. Based on these data, ADA Clinical Practice Recommendations have suggested a 30--33% calorie restriction for obese women with GDM, while advising a minimum 1800 calorie level.\[[@ref18][@ref38]\]

To ensure that over-restriction of calories and nutrition does not occur, one can monitor urine ketones, food intake, and weight until there is confidence that the nutrient changes are appropriate. Training patients in "carbohydrate counting," use of food records and testing postprandial fingerstick capillary blood glucose can also facilitate this goal. Record-keeping of food intake by the patient herself has been shown to be an effective tool to increase adherence to calorie control.\[[@ref39]\] It also provides the caregiver with more specific information for assessment and counseling. As of now, calorie formulas frequently cited are 35--40 kcal/kg desirable body weight for underweight, 30--35 kcal/kg for normal BMI, and 25--30 kcal/kg for overweight women. However, as mentioned earlier also, there is a lack of adequate research to support these formulas.

The DRI report set a minimum level of 130 g/day for nonpregnant women and 175 g carbohydrate per day for pregnancy; this has an additional 33 g carbohydrate for fetal brain development and functioning. This new minimum recommendation provides an important basis for the level of carbohydrate restriction for women with GDM. Elevated glucose values, and in particular postprandial glucose elevations, are associated with adverse outcomes in GDM.\[[@ref40]\] Carbohydrate is the main nutrient that affects postprandial glucose levels. Carbohydrate intake can be manipulated by controlling the total amount of carbohydrate, the distribution of carbohydrate over several meals and snacks, and the type of carbohydrate. In recent years, the glycemic index has received attention as a nutrition intervention to improve glucose control. Foods with a low glycemic index (\<55) produce a lower postmeal glucose elevation, whereas those with a high glycemic index (\>70) show higher postprandial values. A meta-analysis of studies using low-glycemic index diets in nonpregnant people with diabetes found an additional 0.4% lowering of glycated hemoglobin (HbA1c).\[[@ref41]\] Research using the glycemic index in pregnancy has found that pregnancy does not change the glycemic index values of specific foods.\[[@ref42]\] Using a low-glycemic index diet will, therefore, reduce the glucose level after eating. Clinicians reviewing postprandial glucose levels for women with GDM often observe that some foods do cause higher glucose values, even when total carbohydrate level is controlled. The glycemic index can help explain these glucose spikes and guide nutrition recommendations. Nutrition interventions for GDM should emphasize overall healthy food choices, portion control, and cooking practices that can be continued postpartum and may potentially help prevent later diabetes, obesity, cardiovascular disease and cancer.

High-fiber diets have also been evaluated in GDM. A pilot study in non-insulin requiring women with GDM demonstrated that high-fiber diets were not associated with a lowering of blood glucose levels.\[[@ref43]\] Exercise is an obvious adjunct therapy to MNT for women with GDM. One study of the acute effect of exercise on glucose levels showed a 23 mg/dl (1.3 mmol/l) drop in glucose values at 30 min.\[[@ref44]\] However, the safety of prescribed exercise for glucose management has been a concern. Planned physical activity limited to 30 min/day is recommended for all individuals capable of participating. Advising GDM patients to walk briskly or to do arm exercises while seated in a chair for at least 10 min after each meal accomplishes this goal. However, women should monitor fetal activity and blood glucose levels before and after exercise and should not overexert. Authors do encourage women who have been physically active before becoming pregnant to continue an active lifestyle.

N[EED FOR]{.smallcaps} A[DDITIONAL]{.smallcaps} C[ONCURRENT]{.smallcaps} T[HERAPY]{.smallcaps} {#sec1-5}
==============================================================================================

If a balance between nutrient needs and glucose control cannot be achieved, then concurrent medication therapy is needed to assist in reducing insulin resistance and supplementing insulin production to provide normoglycemia and improved pregnancy outcomes. Criteria for adding pharmacological therapy vary in research studies. In many studies, the criteria are one or more blood glucose values outside the target range within a designated time frame. Also, elevated fasting glucose values alone are the criteria for insulin or glyburide, as nutrition therapy primarily targets postprandial glucose levels. Additional criteria to consider are weight loss, positive ketone levels, and inadequate nutrient intake; however, blood glucose values alone are not enough to judge the need for additional therapy.

How long dietary measures alone should be attempted before starting pharmacological therapy depends on the patient\'s glycemic control and the gestational age when GDM is diagnosed. In the opinion of authors, it takes at least 2 weeks before one can say whether dietary measures alone will suffice or not. Uncontrolled GDM is an endocrine emergency, however, and immediate, aggressive management may be needed to ensure foetal and maternal well-being. Early onset of GDM will require pharmacological management more often than GDM which begins towards the end of third trimester.

O[RAL]{.smallcaps} H[YPOGLYCEMIC]{.smallcaps} A[GENTS]{.smallcaps} {#sec1-6}
==================================================================

Historically, insulin has been the therapeutic agent of choice for controlling hyperglycemia in pregnant women. It still is the treatment of choice in many situations, but the spectrum of insulin in GDM is not in the scope of present review and shall be discussed in detail elsewhere. However, difficulty in medication administration with multiple daily injections, potential for hypoglycemia, and increase in appetite and weight make this therapeutic option cumbersome for many pregnant patients.\[[@ref45]\] Moreover, hypoglycemia occurs in approximately 71% of women who take insulin at some time during their pregnancy. In the following text, we shall deliberate upon OHAs and their usage in GDM, with the vision in place that the primary risks of all medications in pregnancy are affected by the transplacental passage, association with fetal anomalies, potential for maternal adverse effects; and after delivery of the newborn, the safety of the medications during breastfeeding. Glyburide and metformin are the two drugs which have opened new vistas for use of OHAs in the management of GDM.

*Glyburide*, also called *glibenclamide*, is a second-generation oral sulfonylurea. Glyburide acts by enhancing the release of insulin from the pancreatic beta cells in normal and type 2 DM patients. Pharmacologically, it is well absorbed, independent of food intake, following oral administration. It is metabolized by the liver and time to peak concentration is 2--3 hours with a half-life of 7--10 hours. The initial dose of glyburide is 2.5 mg once or twice a day and can be increased after titration with blood glucose values up to a maximum of 20 mg/day, but no more than 7.5 mg should be taken at a single time.\[[@ref46][@ref47]\] Glyburide should be taken at least 30 minutes, preferably 60 minutes, before meals so that the peak action covers the postprandial glucose surge. Because of its extended duration of action, glyburide taken from 10 p.m. to 11 p.m. is effective in lowering the FPG levels in the morning.

The use of oral drugs has become an attractive option in pregnancy. The ease and relatively infrequent administration of glyburide, as compared to insulin, finds favor with patients.. Thus, prescribing glyburide rather than insulin during pregnancy may increase patient compliance, satisfaction, and overall maternal and neonatal outcome. Unlike other sulfonylureas, there is substantial evidence demonstrating the lack of transplacental passage of glyburide to the fetus,\[[@ref48][@ref49]\] suggesting insignificant fetal exposure with this drug and its safety in pregnancy.\[[@ref50]\] Possible explanations for such lack of placental transport include the extensive plasma protein binding and short elimination half-life.\[[@ref51][@ref52]\] From a clinical perspective, in the landmark study of glyburide versus insulin in GDM conducted by Langer, glyburide was not detected in the cord blood of any infant.\[[@ref53]\] There have been many studies involving the use of glyburide in pregnancy. Lim in 1997 first reported that there was no difference in pregnancy outcomes of women using this drug for gestational diabetes\[[@ref54]\] and claimed that most women with GDM can be managed effectively and safely with it. Langer in his study compared glyburide with insulin in the treatment of gestational diabetes.\[[@ref53]\] The daily blood glucose concentrations and glycosylated hemoglobin values were similar between patients on glyburide and insulin. The failure rate was 4% in the glyburide patients, thus requiring the need to switch to insulin. There were no differences in the infants who were large for gestational age or with macrosomia, lung complications, hypoglycemia, admission to the neonatal intensive care unit, or fetal anomalies. Also, the cord insulin concentrations were similar between the groups. Glyburide was not detected in the cord serum of infants of mothers administered thedrug. Langer concluded that glyburide was a clinically effective alternative to insulin therapy in women with gestational diabetes. A cost analysis was then performed by Goetzl to compare the costs associated with glyburide versus insulin therapy.\[[@ref55]\] Glyburide was found to be significantly less costly than insulin, with an average cost savings per patient of \$165.84, almost ![](IJEM-15-284-g001.jpg) 7500/-. Thus, glyburide is not only convenient and equally effective, but also more cost-effective than insulin in the treatment of gestational diabetes.

To assess the comparative effectiveness of glyburide versus insulin, Nicholson *et al*. did a meta-analysis of the RCTs of glyburide versus insulin in the treatment of gestational diabetes.\[[@ref56]\] There have been three RCTs with a total of 478 participants, conducted in India, the United States, Brazil, Australia and New Zealand. There were no differences in the glycemic control of both fasting and 2-hour postprandial plasma glucose. There were similar rates of cesarean delivery and newborn birth weights between the groups. Some investigators reported a higher rate of maternal hypoglycemia in the women who received insulin (20%) compared with women receiving glyburide (4%),\[[@ref53]\] although other investigators reported similar hypoglycemia rates.\[[@ref57][@ref58]\] In contrast, neonatal hyperglycemia was reported by some to be higher among those women who received glyburide (33%) compared with those receiving insulin (4%),\[[@ref58]\] whereas others did not find such differences.\[[@ref53]\] Dhulkotia *et al*. also did a systematic review and meta-analysis to compare OHAs versus insulin in the management of gestational diabetes and concluded that there are no differences in glycemic control or pregnancy outcomes when OHAs were compared with insulin.\[[@ref59]\] They recommended that metformin and glyburide should be considered as safe alternatives to insulin.

Glyburide is a category C medication in pregnancy. Hypoglycemia may occur with all sulfonylureas, and glyburide is no exception. The incidence of hypoglycemia with glyburide ranges from 1 to 5%. The most common adverse effects are gastrointestinal (nausea, vomiting, dyspepsia) and dermatologic (pruritus, urticaria, erythema, and maculopapular eruptions). Elevations of liver function tests have been reported, but jaundice is rare.\[[@ref46]\] The overall incidence of adverse effects ranges from 3.2 to 4.1%.

Identifying those women who might fail glyburide therapy in pregnancy is important when deciding medical therapy for the treatment of gestational diabetes. Conway, in an observational trial to examine factors predicting failure of glyburide treatment in gestational diabetes, found that among women with high FPG levels greater than or equal to 110 mg/dl, 24% failed to respond to glyburide.\[[@ref60]\]

Studies focusing on the transfer of glyburide into the milk of lactating mothers have been performed.\[[@ref61][@ref62]\] There were no cases of neonatal hypoglycemia and it appears that breastfeeding is safe in women receiving glyburide.However, the drug has not been endorsed by any decision-making body for routine use in GDM.

*Metformin* is a biguanide that improves insulin sensitivity and reduces both fasting and postprandial plasma glucose. It functions by decreasing hepatic glucose output by inhibition of gluconeogenesis and enhances peripheral glucose uptake in the muscles and adipose tissues.\[[@ref45]\] It also decreases intestinal glucose absorption and increases insulin sensitivity. It is metabolized by the CYP 450 pathway with a half-life of 6 hours and is excreted in urine. Metformin is available in 250 mg, 500 mg, 850 mg, and 1000 mg tablets in both regular-release and extended-release forms. The usual starting dose is usually 500--1000 mg/day, which can be increased gradually to a maximum dose of 2500 mg/day.

Metformin has been used by women throughout pregnancy. It was Coetzee and colleagues\[[@ref63]\] who did the first studies on metformin during the 1970s. Women with insulin-independent diabetes were prospectively followed throughout gestation; 22 women received metformin compared with 42 women who received insulin. The perinatal mortality rate was same for both. There were no cases of maternal hypoglycemia or lactic acidosis with metformin. In addition, metformin use in the first trimester was not associated with congenital anomalies.\[[@ref64]\] In a follow-up study, Coetzee was able to achieve glycemic control in women on metformin within 24 hours compared with 2--3 weeks for insulin.\[[@ref65]\] In 2000, Hellmuth and colleagues\[[@ref66]\] performed a cohort study of type 2 DM pregnant women on metformin versus glyburide versus insulin. Their findings suggest concern for the use of metformin due to the increased rate of preeclampsia (32% metformin vs. 7% glyburide vs. 10% insulin) and intrauterine fetal death (8% vs. 0% vs. 2.3%, respectively). However, this study has become controversial with critics claiming that women in the study were not well matched. Those women who received the metformin were morbidly obese and started the medication later in the pregnancy. Thus, the women were inherently at risk for adverse pregnancy outcomes unrelated to metformin.\[[@ref45][@ref67]\] In contrast, in a series of 90 women with polycystic ovarian syndrome (PCOS) who conceived on 1.5--2.55 g/day of metformin and continued metformin in pregnancy, treatment with metformin was not associated with preeclampsia in pregnancy (5.2% metformin vs. 3.6% no metformin).\[[@ref68]\]

Others studies have been conducted primarily in women with PCOS treated for infertility. In an observation trial of 72 women who conceived on 2.55 g/day of metformin, there was a higher live birth rate in those who received metformin compared with those without metformin (75% vs. 34%). The spontaneous abortion rate was lower with metformin (17% vs. 62%). There were no cases of lactic acidosis, fetal anomalies, or maternal or neonatal hypoglycemia.\[[@ref69]\] The neonates whose mothers received metformin were also followed prospectively, and they displayed normal weight and social and motor skills at 6 months. At 18 months, there were no differences in height, weight, motor, or social skills between the neonatal groups.\[[@ref70]\]

A randomized, double-blinded controlled trial was performed on 18 women with PCOS who conceived on metformin compared with 22 women who received a placebo. Women who received metformin had a lower rate of pregnancy complications (0% metformin vs. 32% placebo) including preterm birth, sepsis, deep venous thrombosis, or adult respiratory distress syndrome. There were no differences in neonatal outcomes such as birth weight.\[[@ref71]\] Another study involving PCOS women who conceived on metformin showed a lower rate of developing gestational diabetes later in pregnancy (3% metformin vs. 31% no metformin).\[[@ref72]\]

An Australian study (Metformin in Gestational diabetes -- MiG study) conducted by Rowan and colleagues included 751 women (371 received metformin, and 378 received insulin) who were randomized between 20 and 33 weeks of pregnancy.\[[@ref73]\] The metformin failure rate was 7.4%, in which a second diabetic agent was needed to maintain controlled glucose levels. Although there was no difference in mean fasting blood glucose levels between groups, those on metformin had lower 2-hour postprandial glucose levels. There was no difference in the rate of preeclampsia. Infants of women randomized to metformin experienced a lower rate of hypoglycemia compared with insulin (insulin 8.1% vs. metformin 3.3%, *P* = 0.008). There was no difference in any other perinatal outcome.

Metformin is a category B medication in pregnancy. The risks from metformin in pregnancy include the potential for neonatal hypoglycemia. Metformin has been found to have a maternal-to-fetal transfer rate of 10--16%.\[[@ref74][@ref75]\] Neonatal hypoglycemia is always a concern postnatally. However, in several reports on the infants in the immediate neonatal period, there was no increase in the rate of neonatal hypoglycemia after delivery compared with women who received insulin. In those who did develop neonatal hypoglycemia, it was determined that this outcome was related to maternal hyperglycemia at the time of delivery.\[[@ref63]--[@ref65][@ref72][@ref76]\] There were no cases of neonatal lactic acidosis.

Metformin has been primarily used in two different groups of women during pregnancy: one is pregnant women with PCOS where it has been used during organogenesis in the first trimester and the second group is pregnant women with diabetes, both pregestational and gestational diabetes.\[[@ref63]--[@ref65][@ref72][@ref76]\] In all these reports, there was no increased risk of congenital anomalies compared with those who received insulin or the general population. Therefore, metformin is not considered to be teratogenic. Hypoglycemia related to metformin may occur in 0--21% of pregnant women.\[[@ref77]\] The frequently observed gastrointestinal adverse effects include diarrhoea, flatulence, nausea, and vomiting, with the incidence ranging from 2 to 63%.\[[@ref77][@ref78]\] These are the reasons why metformin is started at a low dose and increased gradually.

In breastfed infants whose mothers are on metformin, the mean infant exposure to drug is less than 1% of the weight-normalized maternal dose, which is much below the 10% level of concern for breastfeeding.\[[@ref79]--[@ref81]\] Based on these findings, metformin use by breastfeeding mothers is absolutely safe.

*Acarbose*, an α-glucosidase inhibitor, is poorly absorbed from the gastrointestinal tract, and two preliminary studies have suggested efficacy in reducing postprandial glucose excursions in GDM, but with the expected high frequency of abdominal cramping. A small proportion of this drug may be absorbed systemically, and safety and potential transplacental passage have not been fully evaluated. Use of thiazolidinediones, glinides, and glucagon-like peptide 1 agonists during pregnancy is considered experimental. None of these drugs has been endorsed by any decision-making body for routine use in GDM.

C[ONCLUSION]{.smallcaps} {#sec1-7}
========================

GDM is a window of opportunity for prevention of diabetes in future life. The opportunity provided by GDM can be utilized only if optimal medical and obstetric care is provided to the antenatal patient with GDM.\[[@ref82]\] Optimal management of GDM remains a challenge for the obstetricians and endocrinologists. MNT is the most common therapy which suffices for GDM, but when required, pharmacological treatment becomes necessary. Patients making difficult choices among therapeutic options often ask their physicians what they would do if they were in the same situation. It requires physician\'s caring for women\'s health to meaningfully shape therapeutic options and assist patients in making difficult decisions, and finally provide effective and quality health care. Providing effective and quality health care for women, in turn, requires a broad background of information and a wide spectrum of resources.

Much has changed in women\'s health care in the recent decades, and many of the changes have arisen from questioning and in some cases by radically changing many modalities of treatment which had previously been considered apt. This is indeed the only way for medicine to evolve.\[[@ref83]\] From insulin to OHAs has been a great journeyin GDM, with use of OHAs in pregnancy opening newer, simpler vistas for GDM management. OHAs have reached the *high tables* in the management of GDM. Glyburide and metformin have been found to be safe, effective and economical for the treatment of gestational diabetes. They are also found to be safe for infants who are breastfed. More studies are needed to identify the risks and benefits of these, and other, oral hypoglycemic drugs, before they can be recommended as first line drugs for the treatment of pregestational and gestational diabetes. However, they can definitely be used in situations where insulin administration is not feasible or not accepted by the patient.

Optimal treatment of GDM requires a team effort on part of obstetricians and endocrinologists; Above all, what is required is "*an active and alert clinician*". Let us join hands to manage the GDM effectively, not only for the present generation, but also for the generations to come. Let us give ourselves an opportunity to take pride in our medicare system by converting "*the diabetes capital of the world*" into "*the diabetes care capital of the world*".
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